Genital human papillomavirus (HPV) infection is the most common viral sexually transmitted disease, and it has been estimated that at least 50% of sexually active adults have had a genital HPV infection (20) . Cohort studies indicate that genital HPV infection with oncogenic types is mostly transient and that only a small proportion of those infected become carriers and then develop cervical intraepithelial neoplasia (14, (17) (18) (19) .
More than 100 HPV genotypes have been fully cloned and sequenced (34) , and the etiologic role of papillomavirus in cervical cancer has been recognized for a limited number of them (i.e., HPV-16, -18, -31, -33, -35, -45, -52, -58, and -59) (27) . The most common HPV types associated with cervical cancers worldwide are HPV-16 followed by HPV-18. Other types have an uneven geographical distribution. For example, HPV-33, -39, -58, and -59 are more common in Latin America than in other regions (5, 16) .
Numerous serologic studies mainly using HPV-16 virus-like particles (VLPs) have demonstrated that infection with genital HPV is followed by a serologic immune response to viral capsid proteins. However, the titer of detectable serum antibodies to HPV VLPs is low. This immune response is largely HPV type-specific and directed against conformational epitopes (8, 9, 9a, 32, 39, 40) . Moreover, not all HPV-infected subjects have detectable levels of antibodies, since 20 to 50% of women with HPV DNA do not have detectable type-specific anti-HPV antibodies (6, 22, 26) . This may be due to the decline in antibody titers over time in infected individuals (2, 7) . Follow-up studies have demonstrated that seroconversion most frequently occurs between 6 and 18 months after DNA detection (6, 7, 10, 11, 14) . Anti-VLP antibodies are rarely observed in patients with transient HPV DNA (6) but are associated with persistence of HPV DNA detection. Anti-VLP antibodies persist for many years (1, 33) and may be an indicator of past as well as current infection.
Acquisition of HPV infection is strongly related to sexual behavior. HPV prevalence increases with number of sexual partners and with earlier age at first sexual intercourse (3, 13, 23, 24, 25, 32, 38) . Women working as prostitutes are consequently at high risk of HPV infection. The aim of the study was to characterize the serological response to HPV type 16, 18, 31, and 58 VLPs in two groups of women with very distinct patterns of sexual behavior.
MATERIALS AND METHODS
Study subjects. The subjects were recruited in Oviedo and Barcelona, Spain, and included 177 practicing prostitutes and 283 women randomly selected from the general population. Prostitutes were invited to participate during their regular visits to a specialized sexually transmitted disease clinic. Women from the general population were extracted from a larger follow-up study that included a random sample of the general population stratified in 11 age groups. Women were invited to participate via a personal letter. Of the women invited, 50% agreed to participate (n ϭ 1,127), and 283 of these women matched by age to the group of prostitutes were selected for this study. All participants had a gynecological examination that included collection of cervical cells by means of an Ayre's spatula and a cervix brush to scrape the endocervix. Cervical scrapes were used to prepare a Pap smear, and the remaining cells were immediately sent to the laboratory to be processed for HPV DNA detection. Reading of the Pap smears and HPV detection were carried out without knowledge of the other test results. Specially trained nurses interviewed all women. Structured questionnaires explored sexual and reproductive histories and use of intravenous drugs in detail. All participants gave written informed consent, and the institution's Ethics Committees cleared all protocols.
HPV VLPs and detection of anti-VLP antibodies. Anti-VLP antibodies were measured by enzyme-linked immunosorbent assay using recombinant VLPs. HPV VLPs were produced in Sf21 insect cells using recombinant baculoviruses encoding the L1 gene of HPV-16, -18, -31, and -58. VLPs were purified by CsCl density gradient centrifugation, as described previously (25, 36) . VLPs were further pelleted by ultracentrifugation and resuspended in phosphate-buffered saline (PBS) (pH 7.4).
Microtiter plates (Maxisorp; Nunc) were coated with either 100 ng of each purified HPV VLP per well (test wells) or newborn bovine serum (NBS) (control well). The plates were incubated at 4°C overnight. After four washes with PBS-0.1% Tween 20, nonspecific binding sites were blocked by incubation for 30 min at 37°C with PBS-1% NBS. The blocking solution was replaced by 100 l of human serum diluted 1/20 in 5ϫ PBS containing 10% NBS and 2% Tween 20. Following incubation at 45°C for 90 min and four washes, bound antibodies were detected with mouse anti-human immunoglobulin G (IgG) antibodies covalently linked to horseradish peroxidase, and 100 l of a substrate solution containing o-phenylene diamine and H 2 O 2 was added after incubation at 45°C for 90 min and four washes. The reaction was stopped after 30 min by addition of 100 l of 4 N H 2 SO 4 , and optical densities (OD) (492 nm) were read with an automated plate reader. The OD of the control well was subtracted from the OD of test wells. The cutoff values were set at 0.2.
Detection of HPV DNA. HPV testing in women from the general population was performed by PCR enzyme immunoassay (EIA) using GP5ϩ/bio 6ϩ primermediated PCR, as described earlier (12, 21) . Fifteen high-risk HPV types (16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, 66, 68, and 73) and six low-risk HPV types (6, 11, 40, 42, 43 , and 44) could be demonstrated in one test at the subpicogram level. Moreover, amplification products were analyzed for the individual HPV types. GP5ϩ/bio 6GPϩ PCR products were also analyzed by conventional Southern blot hybridization with a radioactive labeled general probe (12) . Positive PCR EIA samples were also positive after Southern blot analysis.
HPV DNA testing in prostitutes was performed using the PCR-reverse line hybridization (PCR-RLH) assay: PCR using biotinylated L1 consensus primers PGMYB09/PGMYB11 and biotinylated primers for beta-globin (PC04/GH20). The PCR mix included 5 l of target DNA, dNTPs (dATP, dCTP, and dGTP, 10 mM; dUTP, 30 mM) and AmpliTaq Gold polymerase. The first cycle was 9 min at 95°C followed by 40 cycles of 1 min at 95°C, 1 min at 55°C, and 1 min at 72°C. The PCR product was subsequently denatured (0.13 N NaOH) and hybridized to a strip with 27 HPV probes and 2 ␤-globin probes at different concentrations. The high-risk probes included were 16, 18, 31, 33, 35, 39, 45 , 51, 52, 55, 56, 58, 59, 68, MM4, MM7, and MM9. Washing was performed under high-stringency conditions (53°C with agitation for 15 min). Detection was carried out with peroxidase-labeled streptavidin.
HPV-DNA tests using MY09/11 and GP5ϩ/6ϩ primers identified nearly equivalent prevalence of HPV infection, but tests using GP5ϩ/6ϩ primers have been shown to be more sensitive in the detection of specific types like HPV 35, 53, and 61 (31) . However, the PGMY09/11-line blot assay has been shown to have higher sensitivity than MY09/11 line blot assay (15) . Thus, it has been assumed that PGMY09/11-line blot and GP5ϩ/6ϩ assays are of similar sensitivity in detecting HPV types.
Statistical analysis. The statistical differences in HPV prevalence between the two groups according to different characteristics was analyzed using the 2 test. The 2 test for linear trend was used when exploring the association with accumulative exposure for different characteristics. Logistic regression techniques were used to assess the relationship between HPV VLP seropositivity and demographic variables, behavior characteristics, and HPV DNA status. The association between anti-HPV VLPs and potential risk factors is presented by the prevalence odd ratio (POR) for anti-HPV VLPs and 95% confidence intervals.
RESULTS
The mean age of the women enrolled in this study was 30.3 years (range, 19 to 49). Women from the general population were largely of Spanish nationality and monogamous (61%). Prostitutes were largely immigrants (76%), mostly from South America, and three women were from Africa, four from Europe, and one from Singapore.
The distribution of HPV DNA and anti-VLP antibodies both for women in the general population and for prostitutes is summarized in Table 1 . To allow comparison between HPV seroresponse and HPV DNA, HPV DNA prevalence is calculated only based on the presence of HPV-16, -18, -31, and -58 DNA.
Prevalence rates and POR were significantly higher for HPV-16, -18, -31, and -58 VLPs and for HPV DNA among prostitutes than among women in the general population. Prostitutes were at 14 times greater risk of having antibodies to one or more of the HPV VLPs investigated than were women in the general population. Anti-VLP antibodies were mainly directed against HPV-16 VLPs in both study groups.
Women in the general population were five times more likely to have a seroresponse to HPV than to have detectable HPV DNA in cervical cells. In prostitutes, the ratio of the prevalence rate of both markers was 3.3. The overall prevalence of anti-HPV antibodies was analyzed in both groups according to age, country of origin, educational level, number of pregnancies, age at first sexual intercourse, number of lifetime sexual partners, and alcohol consumption ( Table 2 ). Only number of lifetime sexual partners was related to the prevalence of anti-VLPs with statistical significance (P ϭ 0.04). In both groups women with higher educational levels had a higher prevalence of anti-VLPs. Anti-VLPs were more prevalent among women from the general population who began sexual activity before the age of 18. Anti-VLPs were not detected in women reporting no sexual intercourse (n ϭ 13). Anti-VLP antibodies were present in 8% of women reporting one sexual partner and in 18% of those with two sexual partners. In agreement with the high number of sexual partners, anti-VLPs were detected in 62% of the prostitutes. Study of the concordance between the detection of typespecific HPV DNA in cervical cells and the serologic response to VLPs indicates that the agreement was high for the negative samples (range, 66.9 to 90.4) but very low for the detection of positive samples (range, 0 to 4.13). Overall kappa values were very low, which indicates poor concordance between the two tests (data not shown).
Seropositivity for the different HPV VLPs was studied in both groups. As shown in Table 3 , prostitutes were statistically more likely to have antibodies to multiple HPV types, since a quarter of them had antibodies to three or four HPV types, compared to only 3.4% of women in the general population.
In this study, prostitutes were mainly immigrants, and we therefore explored anti-HPV seropositivity according to country of birth ( Table 4 ). The most prevalent anti-HPV antibody in European women was anti-HPV-16 (65.5%), followed by anti-HPV-18 and -31 (24.1 and 29.3%, respectively) and finally anti-HPV-58 (19%). In women from Latin America, the most prevalent antibody was anti-HPV-16 (76%) followed by anti-HPV-58 (42,7%). Anti-HPV-16 and -18 (60%) were the types mainly found in African and Asian women, and none of them was anti-HPV-58 positive.
DISCUSSION
The very high rate of antibodies to four oncogenic HPV VLPs in 61.6% of prostitutes compared to 10.4% of women from the general population suggests that high lifetime cumulative exposure to HPV is related to the number of lifetime sexual partners. Accordingly, we did not observe anti-VLP antibodies in women reporting no sexual intercourse. These results are corroborated by the fact that virgins starting sexual activity seroconvert after the acquisition of HPV DNA and that cervical lesions had been described only in HPV-16 DNApositive women who had seroconverted (27) . In our study, only one woman of the prostitute group was HIV infected, and she had a seroresponse to HPV-18. Interestingly, HIV infection has been reported to be followed by an increased prevalence of anti-HPV VLP, probably due to increased expression of capsid proteins due to cellular immunodeficiency (30) .
In contrast to other studies (35, 38), we did not observe an increase in HPV seropositivity with age. The association with young age at first sexual intercourse in the general population did not reach statistical significance. No association was de- tected among prostitutes. This could be due to the limited age range of the women explored and to the very high rate of HPV infection in prostitutes in all age groups. Twenty-five percent of the prostitutes had antibodies to three or four HPV genotypes, compared to only 3% of women in the general population. The low prevalence rate observed in the latter is consistent with the HPV DNA detection and anti-VLP 33 detection reported in previous studies (28) and the low incidence rates of cervical cancer in Spain (29) . The different patterns observed between the two groups suggests that multiple reactivity is more likely to be a marker of lifetime cumulative exposure to HPV than cross-reactivity between genotypes. The only women from the general population with seroreactivity to three or four VLPs reported five sexual partners and age at first sexual relationship of 16. The high rate of seroreactivity to multiple HPV types observed in prostitutes is believed to be the consequence of multiple, sequential or concomitant infections with different HPVs.
Prevalences of overall DNA and antibodies were very distinct in the two groups. HPV DNA (types 16, 18, 31, and 58) was found in 1.8 and 15.8% of the general population and prostitutes, respectively, whereas anti-VLP antibodies were detected in 10 and 62%, respectively. This emphasizes the need to investigate anti-HPV antibodies in addition to HPV DNA to evaluate the overall HPV infection in a population more effectively.
Women in the general population group were more likely to have a serological response to HPV-16 and HPV-31, whereas the predominant serological types in prostitutes were HPV-16, followed by HPV-18 and HPV-58. The majority of prostitutes in Spain were born overseas, particularly in Latin American countries. The higher seroprevalence of anti-HPV-58 VLPs observed among prostitutes could be due to a higher level of exposure to HPV-58 in the country of origin compared to Spain. The presence of many prostitutes from Latin America, where HPV-58 is recognized as the second-most-frequent type , could be responsible for dissemination in the Spanish population of an HPV genotype which is rarely detected in the general population. HPV DNA typing in the general population in Spain suggests that unless future HPV vaccines induce some cross-protection, three genotypes, 16, 18, and 31, should be included in a vaccine to prevent the majority of cases of cervical neoplasia in this population. In a situation comparable to the one observed in Spain, the dissemination of an infrequently detected genotype introduced by prostitutes from foreign countries could be expected. It is thus essential either to produce a multivalent vaccine directed against the main oncogenic genotypes observed worldwide or ideally to develop a vaccine which would induce cross-protection.
In conclusion, our study strongly supports the importance of sexual intercourse in the transmission of oncogenic HPV infection and that anti-VLPs could be used as a marker of repeated infection in prostitutes. The data obtained confirms the validity of anti-VLPs as a marker of present or past HPV infection. We thank Rebeca Font and Judit Sola for data handling and analysis.
